Introduction {#Sec1}
============

Patients with acute myelogenous leukemia (AML) or myelodysplastic syndrome (MDS) who receive intense chemotherapy are at a considerably increased risk of acquiring life-threatening invasive fungal diseases (IFDs) due to drug-induced neutropenia \[[@CR1], [@CR2]\]. To date, yeast have been considered the main cause of IFDs, most attributed to *Candida albicans* \[[@CR3], [@CR4]\]; however, recently, epidemiological findings have indicated an increasing number of infections caused by molds \[[@CR5], [@CR6]\], with *Aspergillus* spp. the main pathogen, in addition to other opportunistic fungal pathogens such as *Fusarium* spp. and Zygomycetes \[[@CR7], [@CR8]\]. IFDs have been associated with decreased overall survival (OS) and reduced chances of achieving complete remission (CR) in AML patients \[[@CR9]--[@CR11]\]. Although the prognosis for patients with IFDs has improved considerably in recent years, it still remains a significant cause of death among hematologic cancer patients \[[@CR12]\].

Over the past 20 years, increasingly more active and less toxic antifungal agents have been developed and used as standard antifungal prophylaxis, including fluconazole (FLU) or itraconazole (ITRA), reducing overall fungal-related morbidity and mortality \[[@CR13], [@CR14]\]. Posaconazole is a new-generation oral wide-spectrum azole that has demonstrated superiority in terms of efficacy and safety compared to FLU and ITRA for preventing IFDs in patients with neutropenia who were undergoing remission--induction chemotherapy for AML or MDS \[[@CR15]\]. It appears in recognized international guidelines for antifungal prophylaxis with the highest grade of recommendation (AI level/strong recommendation, high-quality evidence/ 1), for patients with AML or MDS treated with intensive chemotherapy and for allogeneic stem cell recipients with graft versus host disease receiving intensive immunosuppression \[[@CR16]--[@CR18]\]. From a cost-effectiveness perspective, oral posaconazole has been found to be a potentially cost-saving IFD prophylactic strategy compared to ITRA and FLU in high-risk AML or MDS neutropenic patients due to its lower cost and greater efficacy \[[@CR19]\].

A new formulation of oral posaconazole has recently been approved (posaconazole solid tablets), which offers several advantages over oral suspension, such as dosage; posaconazole tablets are dosed at 200 mg once daily, while the posaconazole oral suspension (300 mg) needs to be taken three times per day with a full meal \[[@CR20]\]. In addition, the tablet formulation is associated with less interpatient pharmacokinetic variability, better systemic availability, absorption that is unaffected by changes in gastric pH or motility and higher and more consistent plasma drug concentrations \[[@CR21]\]. Further, posaconazole tablets once daily is well tolerated and has demonstrated a safety profile similar to that reported for posaconazole oral solution \[[@CR22]\].

The aim of this economic evaluation is to assess the cost-effectiveness of the newly developed posaconazole solid oral tablets compared to the oral formulations of FLU and ITRA for preventing IFDs among high-risk patients with AML or MDS and chemotherapy-induced neutropenia from the perspective of the Spanish National Healthcare System (NHS).

Methods {#Sec2}
=======

An economic model was constructed in Microsoft Excel 2003 for Windows^®^ to assess the cost-effectiveness of posaconazole solid oral tablets versus fluconazole solid oral tablets or itraconazole oral solution as prophylactic treatment for IFDs in patients with AML or MDS and chemotherapy-induced neutropenia. Originally developed for another country, data were adapted to reflect usual clinical practice in the public health care system in Spain.

Structure {#Sec3}
---------

The model consisted of two integrated components: a decision tree and a Markov simulation model (Fig. [1](#Fig1){ref-type="fig"}). Based on the pivotal clinical trial designed to compare the efficacy and safety of posaconazole oral suspension versus ITRA or FLU in the prophylaxis of IFDs in patients with neutropenia \[[@CR15]\], a hypothetical cohort of AML and MDS patients were entered into the decision tree and were randomly assigned to receive either posaconazole oral tablets or oral ITRA or FLU for 100 days. Four outcomes were possible: to develop an IFD, to die from an IFD, to survive an IFD or to die from causes unrelated to IFD. The probability of reaching any of the stipulated clinical events was taken from the same clinical trial \[[@CR15]\]. Results were expressed in terms of the number of IFDs avoided, costs per IFD avoided and number of IFD-related and -unrelated deaths.

Following the initial 100 days, surviving patients were entered in a Markov model that extrapolated the results of the clinical trial to simulate the progression of the disease over the course of AML and MDS patients' lifetimes, respectively. Two health states were defined: dead or alive. Transition probabilities were based on the estimated mortality rates for the general population in Spain \[[@CR23]\] and for AML \[[@CR24]\] and MDS \[[@CR25]\] patients, respectively. The time horizon was the usual expected survival time for AML and MDS patients. The perspective for the analysis was that of the NHS in Spain. Results were expressed in terms of life-years gained (LYG) and of costs per LYG. Given that it was assumed that costs estimated for the first 100 days would remain unchanged throughout the rest of the model time horizon, a discount rate of 3% was applied only to clinical benefits \[[@CR26]\].

Study Population {#Sec4}
----------------

Patients included in the model had either AML or MDS and chemotherapy-induced neutropenia with a high risk for developing an IFD. The proportion of patients having MDS as the primary diagnosis was 14.45% patients (mean), based on the proportion enrolled in the clinical trial \[[@CR15]\]. Likewise, the baseline characteristics of the population included in the model were based on those of the population from the original clinical study \[[@CR15]\]. Hence, median age at the beginning of the prophylaxis treatment was different for each treatment arm (53 years for posaconazole, 52 for fluconazole and 54 for itraconazole); a mean value of 53 years was used in the model. Proportions of 52, 53 and 55% of patients treated with posaconazole, fluconazole anditraconazole, respectively, were male; a mean value of 52.82% was applied.

Clinical and Survival Data {#Sec5}
--------------------------

Clinical data were also taken from the aforementioned clinical trial \[[@CR15]\]. This was a prospective, randomized, multicenter study in which 304 patients were assigned to receive posaconazole \[200 mg posaconazole in an oral suspension three times a day (total daily dose: 600 mg)\] and 298 patients were given FLU (81%) \[400 mg fluconazole in an oral suspension once a day (total daily dose: 400 mg)\] or ITRA (19%) \[200 mg itraconazole in an oral solution twice a day (total daily dose: 400 mg)\]. Prophylaxis was administered with each chemotherapy cycle and was continued until recovery from neutropenia and complete remission or until occurrence of an IFD or for up to 12 weeks post-randomization, whichever came first. Clinical data used to feed into the model were extracted from the 100-day follow-up after randomization in the clinical trial, which already showed a significant improvement in the overall survival for patients receiving posaconazole relative to the fluconazole/itraconazole arms. Probability of death per year in each disease group was estimated by adding the mortality rate associated with an underlying diagnosis of AML or MDS, respectively, to the all-cause death rate in the general population in Spain \[[@CR23]--[@CR25]\]. All data used are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Clinical data used in base case and probabilistic sensitivity analysisParameterBase caseReferencesDistribution (SD)ReferencesFirst 100 days Probability of developing an IFD (%)  Oral FLU/ITRA0.1107\[[@CR15]\]Beta (0.0182)\[[@CR15]\]  RR posaconazole (tablets)/oral FLU/ITRA^a^0.4159\[[@CR15]\]Gamma (0.3084)\[[@CR15]\] Probability of IFD-related death (%)  Posaconazole (tablets)0.3571\[[@CR15]\]Beta (0.1247)\[[@CR19]\]  Oral FLU/ITRA0.4848\[[@CR15]\]Beta (0.0857)\[[@CR19]\] Probability of death from other causes (%)  Posaconazole (tablets)0.1304\[[@CR15]\]Beta (0.0148)\[[@CR19]\]  Oral FLU/ITRA0.1702\[[@CR15]\]Beta (0.0148)\[[@CR19]\] Patients in oral FLU/ITRA receiving itraconazole (oral) (%)0.1946\[[@CR15]\]Beta (0.0229)Assumption^b^Beyond 100 days Patients with MDS (%)0.1450\[[@CR15]\]Beta (0.0143)\[[@CR19]\] 5-year relative survival with AML (%)0.2490\[[@CR15]\]Beta (0.0500)Assumption^b^ 5-year relative survival with MDS (%)0.1760\[[@CR15]\]Beta (0.0500)Assumption^ca^Relative risk of posaconazol relative to FLU/ITRA^b^Assumption: SD value obtained from the base-case value, as suggested in the original model^c^Assumption: SD value equal to 0.05 as suggested in the original model

Costs {#Sec6}
-----

Both the pharmacological costs of the prophylaxis treatment and the costs of treating an IFD episode were considered in the model.

Table [2](#Tab2){ref-type="table"} shows the estimated pharmacological costs per day for each antifungal agent and treatment duration. Costs of anti-fungals (ex-factory price) were taken from local sources for the costs of the drugs \[[@CR27]\]. Treatment duration and dosing were based on clinical trials \[[@CR15]\] and on the Summary of Product Characteristics (SmPC) \[[@CR28]--[@CR30]\].Table 2Treatment duration and costs (€, 2015) used in base case and probabilistic sensitivity analysisParameterBase caseReferencesDistribution (SD)ReferencesTreatment duration^a^ (days) Posaconazole (tablets^b^)29 + 1\[[@CR15], [@CR28]\]Gamma (2.9000)Assumption^c^ Fluconazole (oral suspension)24 + 1\[[@CR15], [@CR29]\]Gamma (2.4000)Assumption^c^ Itraconazole (oral solution)29\[[@CR15], [@CR30]\]Gamma (2.9000)Assumption^c^IFD-related costs^d^€69,812.74\[[@CR19]\]Gamma (6.9810)Assumption^c^Daily pharmacological costs Posaconazole (tablets)€90.00\[[@CR28]\]---- Fluconazole (oral suspension)€5.49\[[@CR29]\]---- Itraconazole (oral solution)€2.38\[[@CR30]\]----Discount rate3%\[[@CR26]\]----^a^One day was added to take into account the loading dose of posaconazole and fluconazole^b^Duration of treatment for tablet formulation was assumed similar to the oral suspension^c^Assumption: SD as 10% of base case value as suggested in the original model^d^Cost of IFD management included direct costs of the drug treatment, anti-fungal medication, hospitalization and laboratory test

The costs of IFD episodes included pharmacological costs, hospitalizations and laboratory tests, as described in an earlier Spanish publication \[[@CR19]\]. All costs are expressed in terms of euros at October 2015 values \[[@CR31]\].

Assumptions {#Sec7}
-----------

As the clinical data used to feed into the model related to the first 100 days after the beginning of treatment, both the incidence of IFDs and the costs associated with prophylaxis for and management of the IFDs were assumed to occur during this period, remaining unchanged from then on. The survival rate for AML and MDS patients was obtained by extrapolating the 5-year relative survival data, assuming linear decrease throughout the modeling. Due to a lack of clinical evidence, the duration and efficacy of treatment with posaconazole solid oral tablets was assumed to be similar to that of its analogous oral suspension. In the authors' opinion, the tablet formulation of itraconazole was not recommended as a substitute for the oral suspension or solution, so the latter was used for the analysis. Although tablets of fluconazole are a valid substitute in real clinical practice, in order to avoid unnecessary assumptions about efficacy, oral suspension of fluconazole was used for the analysis.

Data Validation {#Sec8}
---------------

All the assumptions that were made as well as the clinical and economic data used to feed the model were validated by four of the authors (R.C., M.J., J.S., S.G.).

Base Case {#Sec9}
---------

For the base case, data summarized in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"} were used to estimate the costs per IFD avoided during the first 100 days for the whole cohort and the costs per LYGs for AML and MDS patients over their lifetime.

Incremental Cost-Effectiveness {#Sec10}
------------------------------

The cost-effectiveness of posaconazole tablets compared to oral ITRA or FLU was measured using the incremental cost-effectiveness ratio (ICER), which represents the incremental cost per incremental clinical benefit of one alternative versus another. In this case, both IFD avoided and LYGs were considered as units of clinical benefit. The decision tree was used to calculate the incremental cost per IFD avoided with posaconazole tablets compared to oral ITRA or FLU for the initial 100 days of therapy. The Markov simulation was used to estimate the incremental cost per LYG over the course of the patients' lifetimes. Fig. 1Structure of the decision tree

Sensitivity Analysis {#Sec11}
--------------------

One-way (OWSA) and probabilistic sensitivity analyses (PSA) were conducted to assess the stability of the results beyond the 100-day period under the uncertainty arising from the values adopted for the input parameters. For the OWSA, clinical data values varied between a ±25% minimum and maximum of the base-case value, while economic data changed ±10% from base-case. As an exception, some variables (5-year overall survival with AML or MDS, costs of IFDs, duration of treatment and discount rate) were assigned alternative values based on the literature review and the experts' opinion (Table [3](#Tab3){ref-type="table"}). For the PSA, the input parameters were assigned random values following a determined probability distribution (Tables [1](#Tab1){ref-type="table"}, [2](#Tab2){ref-type="table"}), and run for 1000 simulations to evaluate the ICER in each case. A scatterplot and an acceptability curve were used to graphically represent the variability of the cost-effectiveness results. The cost-effectiveness threshold of €30.000 per LYG was considered as the limit commonly accepted in Spain \[[@CR35]\].Table 3Base case and range of variation for some of the parameters used in the one-way sensitivity analysisParameterBase caseAlternative valueReferences5-year relative survival with AML0.2490.210\[[@CR24], [@CR32]\]5-year relative survival with MDS0.1760.08\[[@CR25], [@CR33]\]Costs of IFD€69,812.74€19,900\[[@CR19], [@CR34]\]ParameterBase caseLower caseUpper caseReferencesDuration of treatment Posaconazole (tablets)a29 + 1850\[[@CR15], [@CR28]\] Fluconazole (oral suspension)a24 + 1840\[[@CR15], [@CR29]\] Itraconazole (oral solution)29850\[[@CR15], [@CR30]\]Discount rate3%0%5%\[[@CR26]\]^a^Loading dose for posaconazole and fluconazole was considered by adding 1 day to the mean treatment duration

Additionally, three alternative scenarios were defined to test the consistency of the results in specific conditions in order to emulate more realistic clinical situations, in the opinion of the study's experts. The 5-year relative survival data obtained from the bibliography \[[@CR24], [@CR25]\] for AML and MDS patients was used in the base scenario to estimate a 1-year relative survival rate, which was then extrapolated to the patients' life expectancy. An assumption of linearity over time of the relative survival rate was questionable, so a first alternative scenario was designed to test economic results for a 5-year time horizon, avoiding the extrapolation (scenario 1). A second alternative scenario was designed using Kaplan--Meier curves, instead of the linear assumption made for relative survival, maintaining a 5-year time horizon (scenario 2). Finally, a third scenario was tested to introduce the use of intravenous formulations in patients who may be intolerant to the oral treatments for the first days of the chemotherapy cycle as frequently occurs in clinical practice (scenario 3). To build scenario 2, Kaplan--Meier curves (Figs. [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}) were obtained from the literature \[[@CR36], [@CR37]\] and approximated to logarithmic curves (*R* = 0.9193 and *R* = 0.9449, respectively). For scenario 3, the proportion of patients receiving IV anti-fungals and duration of the IV treatment was taken from the clinical trial \[[@CR15]\]. Doses were taken from the corresponding SmPC, and costs of the IV formulation were obtained from local sources (Table [4](#Tab4){ref-type="table"}). Loading doses and mean costs for different presentations were considered for the calculations.Fig. 2Kaplan--Meier curve of overall survival for patients with MDS Fig. 3Kaplan--Meier curve of overall survival for patients with AML Table 4Percentage of patients needing IV treatment, duration and costs associated (€, 2015)Treatment% of patientsDaily doseNum. of daysCost (€)Daily cost^a^ (€/day)ReferencesPosaconazole6300 mg^b^4(+1) ± 4€ 275.00€275.00\[[@CR15], [@CR28], [@CR31]\]Fluconazole10400 mg^b^4(+1) ± 4^d^€11.59\[[@CR15], [@CR29], [@CR31]\]Itraconazole9200 mg^c^6(+2) ± 4€ 53.5€53.50\[[@CR15], [@CR30], [@CR31]\]^a^With wastage^b^Loading dose: double dose for the first day^c^Loading dose: double dose for the first and the second day of treatment^d^Different presentations' mean values were used

Compliance with Ethics Guidelines {#Sec12}
---------------------------------

This article does not contain any new studies with human or animal subjects performed by any of the authors.

Results {#Sec13}
=======

Base Case Analysis {#Sec14}
------------------

For the base case scenario, the analysis of the initial 100 days of prophylaxis treatment indicated a reduction in the probability of having an IFD with posaconazole tablets compared to oral ITRA or FLU (0.046 vs. 0.111), with total costs also decreasing with oral posaconazole (€5906.06 vs. €7854.43). The Markov simulation showed that life-expectancy increased (2.922 vs. 2.694 years) with posaconazole oral tablets compared to oral ITRA or FLU. In consequence, given the gains in health benefits and its comparatively lower cost, prophylaxis with posaconazole oral tablets was a dominant alternative compared to oral ITRA or FLU in AML or MDS neutropenic patients at high risk of developing IFDs in the Spanish NHS (cost-effectiveness ratio of €8545.5 per LYG) (Table [5](#Tab5){ref-type="table"}).Table 5Cost-effectiveness: €/IFD avoided for the first 100 days, and €/LYG beyond 100 daysFirst 100 daysTreatment armPharm. costsCosts of IFDTotal costsΔ CostsIFDIFD avoidedICER (€/IFD avoided)Posaconazole (tablets)€2691.00€3215.06€5906.06−€1948.370.0460.065DominantOral FLU/ITRA€123.49€7730.94€7854.43--0.111--**--**Beyond 100 daysTreatment armCosts of first 100 daysAML/MDS costsTotal costsΔ CostsLYsLYs gainedICER (€/LY)Posaconazole (tablets)€5906.060 €€5906.06−€1948.372.9220.228DominantOral FLU/ITRA€7854.430 €€7854.432.694

One-Way Sensitivity Analysis {#Sec15}
----------------------------

IFD costs were the only factor compromising the dominance of posaconazole oral tablets in the OWSA, showing that oral posaconazole might be more efficacious although more expensive than oral ITRA or FLU when the cost of IFDs decreased below €39,750 (−43%). Even when the alternative value for the cost of IFDs was considered (€19,900) \[[@CR34]\], the ICER was still €5615.08/LYG, well below the threshold value of €30,000 (Table [6](#Tab6){ref-type="table"}).Table 6One-way sensitivity analysis (ICER as €/LYG for patients with AML or MDS)Parameter and variationAvg.Cost (€)ICER (€/LY)Median age at beginning of treatment (+25%: 66 years old)0.222−€1948.37DominantMedian age at beginning of treatment (−25%: 40 years old)0.230−€1948.37DominantProbability of IFD with posaconazole (tablets) (+25%)0.216−€1144.60DominantProbability of IFD with posaconazole (tablets) (−25%)0.240−€2752.13DominantProbability of IFD with oral FLU/ITRA (+25%)0.253−€3077.34DominantProbability of IFD with oral FLU/ITRA (−25%)0.203−€819.40DominantProbability of IFD-related death with posaconazole (tablets) (+25%)0.216−€1948.37DominantProbability of IFD-related death with posaconazole (tablets) (−25%)0.240−€1948.37DominantProbability of IFD-related death with oral FLU/ITRA (+25%)0.264−€1948.37DominantProbability of IFD-related death with oral FLU/ITRA (−25%)0.192−€1948.37DominantProbability of death other causes posaconazole (tablets) (+25%)0.124−€1948.37DominantProbability of death other causes posaconazole (tablets) (−25%)0.332−€1948.37DominantProbability of death other causes oral FLU/ITRA (+25%)0.359−€1948.37DominantProbability of death other causes oral FLU/ITRA (−25%)0.097−€1948.37Dominant5-year relative survival with AML (21.0%)0.209−€1948.37Dominant5-year relative survival with MDS (8.0%)0.220−€1948.37DominantTreatment duration Posaconazole (tablets) (50 days)0.228−€139.37Dominant Posaconazole (tablets) (8 days)0.228−€3919.37Dominant Fluconazole (oral) (40 days)0.228−€2015.15Dominant Fluconazole (oral) (8 days)0.228−€1873.63Dominant Itraconazole (oral) (50 days)0.228−€1958.13Dominant Itraconazole (oral) (8 days)0.228−€1938.70DominantCosts of IFD (€ 19,900)0.228€1280.27€ 5615.08^a^Daily cost of posaconazole (tablets) (+10%)0.228−€1679.27DominantDaily cost of posaconazole (tablets) (−10%)0.228−€2217.47DominantDaily cost of fluconazole (oral) (+10%)0.228−€1959.38DominantDaily cost of fluconazole (oral) (−10%)0.228−€1937.36DominantDaily cost of itraconazole (oral) (+10%)0.228−€1949.71DominantDaily cost of itraconazole (oral) (−10%)0.228−€1947.03DominantDiscount rate (0%)0.250−€1948.37DominantDiscount rate (5%)0.215−€1948.37Dominant^a^In these cases, posaconazole (tablets) would be more effective and more expensive, but still under the threshold value of €30,000/LYG commonly accepted in Spain

Other parameters that may jeopardize the dominance of posaconazole tablets were the probability of an IFD, the probability of non-IFD-related death and the daily cost of posaconazole, although at variances of more than 40% from the base-case value (Table [7](#Tab7){ref-type="table"}). The rest of the parameters were not found to be compromising relative to their natural extreme values.Table 7Threshold values for the more influencing parameters of the cost-effectiveness resultsParameterBase caseThreshold value% variationLYs gainedΔCosts (€)ICER (€/LY)Prob. of IFD, oral FLU/ITRA0.11070.0629−43.180.185€2.46€13.30/LYGRR of IFD, posaconazole (tablets) versus oral FLU/ITRA0.41590.668060.620.2€0.84€4.2/LYGProb. death other causes, oral FLU/ITRA0.17020.096−43.60−0.001−€1948.37^a^Prob. death other causes, posaconazole (tablets)0.13040.202054.91−0.001−€1948.37^a^Daily cost of posaconazole (tablets)90155.572.780.228€10.08€44.21/LYG^a^In these cases, posaconazole (tablets) would be less effective and less expensive

Probabilistic Sensitivity Analysis {#Sec16}
----------------------------------

Under the clinical and economic conditions posed in the model, the scatterplot (Fig. [4](#Fig4){ref-type="fig"}) shows that posaconazole oral tablets have a 79.9% probability of being dominant (i.e. more effective and less expensive than oral fluconazole or itraconazole formulations) and a 19.2% probability of being more effective albeit more costly than oral ITRA or FLU. The acceptability curve (Fig. [5](#Fig5){ref-type="fig"}) indicates that posaconazole oral tablets would have a 97.2% probability of being the cost-effective alternative in Spain, when the threshold value of €30,000/LYG is considered.Fig. 4Cost-effectiveness scatterplot of posaconazol tablets versus oral FLU/ITRA. The *scatter plot* represents the value of one variable against the value of another to show the relationship between two variables (incremental costs against incremental LYG of posaconazol tablets compared to FLU/ITRA oral formulations). The cloud of *dots* in the southeast quadrant indicates more LYG at lower costs for posaconazole tablets for the vast majority of the clinical cases modeled and represented by each individual *dot*) Fig. 5Cost-effectiveness acceptability curve. Threshold value €30,000/LYG. The acceptability *curve* shows the probability of posaconazole tablets for being cost-effective compared to oral formulations of FLU/ITRA over a range of values for the maximum acceptable ceiling ratio (€30,000/LYG in Spain)

Alternative Scenarios {#Sec17}
---------------------

### Scenario 1 {#Sec18}

When a time horizon of 5 years was considered, the incremental number of LYGs for posaconazole tablets versus oral FLU/ITRA was reduced from 0.234 to 0.183, from 0.195 to 0.164 and from 0.228 to 0.180 for patients with AML, with MDS and with both AML and MDS, respectively, as compared to the base-case scenario. However, total costs remained unchanged and posaconazole oral tablets remained dominant compared to oral ITRA or FLU.

### Scenario 2 {#Sec19}

When survival of AML and MDS patients during a time horizon of 5 years was estimated using an approximation of the OS curves obtained from the literature, incremental LYGs were reduced from 0.234 to 0.139, from 0.195 to 0.103 and from 0.228 to 0.134 for patients with AML, with MDS and with both AML and MDS, respectively, compared to the base-case scenario. Again, total costs remain unchanged and posaconazole oral tablets remained dominant compared to oral ITRA or FLU.

### Scenario 3 {#Sec20}

Use of IV formulation was taken into account in this scenario (Table [4](#Tab4){ref-type="table"}). Considering the use of the intravenous formulation for some patients who were intolerant to the oral route during the first days of the chemotherapy cycle slightly increased the total costs of the prophylaxis treatment (from €5906.06 to €5956.16 for posaconazole, and from €7854.43 to €7863.61 for FLU or ITRA). Thus, the use of intravenous formulations for some of the days of the prophylactic treatment and for a proportion of patients intolerant to the oral administration \[[@CR15]\] led to slightly increased total costs for both comparator arms, but still resulted in posaconazole being cost-effective.

Discussion {#Sec21}
==========

The results of our analysis showed that, for the prevention of IFD in patients with AML/MDS treated with intensive chemotherapy, the new formulation of posaconazole tablets was more efficacious (59%) and less costly (25%) in comparison with ITRA or FLU, maintaining its cost-effective advantage under varying or uncertain conditions.

The analysis of cost-effectiveness beyond the initial prophylaxis treatment resulted in an ICER of €8545.50 per LYG for posaconazole tablets versus oral ITRA or FLU, which is far below the accepted ICER threshold in Spain (€30.000 per LYG). These findings confirmed posaconazole tablets as a highly cost-effective alternative for prophylactic treatment of high-risk AML or MDS neutropenic patients, as previously reported \[[@CR19], [@CR38]\].

The robustness of the cost-effectiveness evaluation was further enhanced by probabilistic and one-way sensitivity analyses along with the use of three alternative scenarios to the base-case. In this regard, when a more realistic time horizon was evaluated in the Markov simulation, avoiding extrapolation (scenario 1) and the assumption of linearity (scenario 2) over the lifetimes of AML and MDS patients, posaconazole also proved to be dominant compared to oral ITRA or FLU. Furthermore, when intravenous formulations were applied for the proportion of patients intolerant to the oral administration in scenario 3, the cost-effectiveness of posaconazole remained despite the cost increase associated with IV therapy.

Results from the probabilistic sensitivity analysis indicated that the likelihood for posaconazole oral tablets losing its dominance over oral ITRA and FLU is fairly low under the conditions defined for the base-case scenario. In similar healthcare cost environments in which both drug costs and overall IFD treatment costs are high, posaconazole tablets are a cost-effective alternative to oral ITRA or FLU in the prevention of IFD \[[@CR38], [@CR39]\]. Increasing the costs of oral posaconazole would make it more expensive than oral ITRA or FLU, but it would still remain cost-effective in most cases given its clinical superiority. Recent evidence shows that posaconazole prophylaxis lowered total medical costs and even provided a saving in costs during the hospitalization of patients surviving IFDs (*p* = 0.010) \[[@CR40]\].

In the one-way sensitivity analysis, the incremental cost-effectiveness ratio was more sensitive to changes in the costs of IFD; however, the ICER stayed well below the threshold value of €30,000 (€5615.08/LYG), revealing that routine use of posaconazole oral tablets would be a cost-saving prophylactic alternative when the likelihood of IFD or the cost of treatment medications are expected to be particularly high. This result aligned with other similar conclusions in other health care systems \[[@CR41]\]. Posaconazole tablets would lose their dominance if the cost of the management of IFD goes under the €39,750 used in our analysis of the costs of IFD. Costs of IFDs vary across health care settings, which can cause cost-effectiveness calculations for oral posaconazole to fluctuate depending upon the distinct characteristics of the organization of each health care system \[[@CR34], [@CR42]\]. However, it has been found to be the most cost-effective alternative across several economic evaluations \[[@CR19], [@CR22], [@CR38], [@CR39], [@CR43]--[@CR45]\]. This may mean that, although it is sensitive to conditioning factors such as the costs of IFD, the magnitude of the incremental clinical and economic benefits of oral posaconazole compared to oral ITRA or FLU compensates for differences in the costs of IFD across health care systems.

A growing body of evidence on the large clinical and economic benefits of the new azoles has emerged in recent years \[[@CR46]--[@CR48]\], showing that posaconazole use is associated with a significant decrease in the number of febrile days, the incidence rate of IFDs and the duration of hospitalizations \[[@CR49]\]. This improvement in survival relates to the reduction in the long-term death rate that has been reported in hematologic cancer patients who have either never experienced an IFD during their illness trajectory or who have successfully recovered from it because of a timely initiation of prophylaxis \[[@CR50]\].

This study has some limitations that need to be taken into account. Firstly, clinical data on which we based our analysis were taken from posaconazole oral suspension instead of tablet formulation. In this context, we conservatively assumed that the clinical benefits of posaconazole tablets were similar to those of the oral suspension, as recent evidence indicates improved pharmacokinetics and a low IFD rate (1/210) are associated with the tablet formulation \[[@CR22]\].

The intrinsic limitations of decision models should also be mentioned. Decision trees can only partially mimic "real life" due to their static nature. In addition, some significant clinical variables, such as adverse events of antifungals, the risk of recurrence of an IFD due to disease-related complications or relapses or the overall health status deterioration that usually takes place in these patients, were not incorporated in the model. The inclusion of these variables might have contributed to a more realistic representation of the added value of IFD preventive treatments.

Conclusion {#Sec22}
==========

Our study adds to previous evidence on the cost-effectiveness of oral posaconazole, showing that the new solid tablet formulation of posaconazole is highly cost-effective compared to FLU or ITRA in AML and MSD patients with chemotherapy-induced neutropenia and high risk of IFD.
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